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A description of the clinical manifestations and pathological lesions 
of  toxemia  of pregnancy  in  the  rabbit  and  evidence  indicating  an 
analogy with eclampsia in man were presented in a previous paper (1). 
Clinical  and  pathological  study  suggested  that  the  disorder  was  of 
endogenous origin,  but a  discussion of etiological factors proper was 
deferred pending presentation of the evidence derived from a study of 
the incidence. 
The object of the present paper is to analyze the incidence of the 
disorder with respect to pregnancy, age, breed and genetic constitution, 
and  to  consider  the  results  of this  study together  with  the  clinical 
and  pathological  findings  as factors  of etiological  significance.  De- 
tailed analysis of the incidence will be limited  to a  period extending 
from November, 1935, to December, 1935,  during which there was an 
unprecedented  number  of cases,  but  the previous occurrence  of the 
disorder  will be described and  factors of possible significance  in  the 
genesis of the outbreak" will be discussed. 
Materials and Methods 
The material for the present report is based on 72 fatal cases of toxemia which 
occurred between November, 1935, and December, 1936, supplemented by data 
obtained from previous observations.  The colony in which the disorder occurred 
and the composition of the population were described in the first paper of this 
series (1).  The origin, integrity  and relations of the different pure breeds have 
also been described in previous publications (2, 3). 
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Incidence 
Toxemia of pregnancy in the rabbit may occur as a  rapidly fatal 
affection or  as  a  comparatively mild,  frequently asymptomatic dis- 
order followed by recovery.  The detection of non-fatal cases is not 
always possible, and as the incidence cannot be accurately determined, 
analytical studies  are  necessarily limited  to  the  occurrence  of fatal 
cases. 
Fatal toxemia of pregnancy was first noted in 1931 and two cases were recorded 
during that year (Table I).  The number of cases gradually increased in following 
TABLE  I 
The Annual Incidence of Toxemia from 1931 to 1936 
Year  Number of cases of toxemia 
1931 
1932 
1933 
1934 
1935 
1936 
2 
3 
7 
11 
25 
55 
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The Monthly Incidence of Toxemia during the Outbreak Period 
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years, but the incidence remained relatively low until in November, 1935, a rapid 
increase began and continued through December,  1936.  The monthly incidence 
during this outbreak period is presented in Table II.  It is of interest, in view of 
the seasonal v~riations in the frequency of human eclampsia, that the majority of 
cases both during this period and in previous years occurred during the late winter 
and early spring. 
72 animals died of the disorder in this outbreak, an incidence in the female 
population of 11.07 per cent.  Cases  were not distributed evenly throughout the 
population,  but occurred with greater frequency in certain breeds and families, 
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be analyzed with reference to the differential response of various  elements of the 
population. 
It  should  be  emphasized  from the  beginning,  however,  that  all  susceptible 
animals were not affected by the disorder during the period under  consideration. 
A number have since died of toxemia  and others will undoubtedly die at future 
dates.  The results  obtained from analysis of the incidence are,  therefore,  not 
absolute but relative to that period only, and differences  in the incidence in vari- 
ous constitutional groups would probably be greater if the period were longer or 
equalled the life of the population.  The occurrence of the disorder in both spo- 
radic and outbreak form suggests that the incidence may be greatly influenced by 
environmental factors and that under favorable conditions a  susceptible animal 
may live its life unaffected.  Therefore, as the only test of susceptibility is death 
from toxemia, susceptibility studies must necessarily be conducted during periods 
of high incidence although such periods may include only a  short portion of the 
life of the population. 
Relation to Pregnancy 
The disorder was not limited to pregnant rabbits, but occurred post- 
partum and in resting animals.  In the present outbreak 59.3 per cent 
of cases were in pregnant  does,  20.8 per cent in postpartum  and  19.4 
per cent in resting females. 
Among pregnant  does all cases with  one exception occurred during the last 
week of gestation, usually on the 28th day.  The one exception occurred on the 
17th day of pregnancy.  5 cases of the disease occurred on the 1st day following 
delivery and only 2 cases appeared later than a week postpartum. 
With reference to deaths among resting females, it is of considerable interest 
that at autopsy corpora lutea were found in the ovaries.  12 of these animals had 
recently been mated  and  were presumably in a  condition of pseudopregnancy. 
In explanation of this term, it should be pointed out that in the rabbit ovulation is 
induced by copulation, and if fertilization fails to occur, the female may still exhibit 
all the symptomatic changes of pregnancy.  In such animals the temperamental 
changes associated with pregnancy have frequently been observed and nest build- 
ing and lactation are not uncommon near the end of the pseudogestation period 
which is of irregular duration.  These manifestations, however, are not limited to 
infertile mated animals, but are also occasionally noted in unmated animals.  In 
two instances the typical clinical symptoms and pathological lesions of the disorder 
were found in animals that had not been mated in over 6 months but had been 
caged in open wire compartments in close proximity to other animals.  It seems 
to be well authenticated that rabbits may ovulate as a result of contact without 
copulation, and such instances indicate that mere proximity to other animals may 
be sufficient stimulus to induce ovulation and that pseudopregnancy of this order 
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The duration of the state of pseudopregnancy in does dying in that condition 
is difficult to determine inasmuch as many animals had been mated a number of 
times in the period preceding the occurrence of the disorder.  When estimated 
from the last mating, the period averages 10 days, but if only those cases are 
considered in which a single mating had been made, the period averages 25 days, 
and this approximates that found in true pregnancy. 
Multiparity.--There  were 66  fatal  cases of the  disorder  in  multi- 
parous does, an incidence of 10.3 per cent, and only 6 cases, or an inci- 
dence of 2.6 per cent,  in primiparae.  The  disorder did not occur in 
virgin  females.  This  distribution  is  contrary  to  that  observed in 
human  eclampsia where  the  frequency  is  far  greater  in  primiparae 
than in multiparae.  It should be noted, however, that in the rabbit 
repeated attacks of toxemia occur and the primary attack may be mild 
and asymptomatic.  It is probable that the disorder occurs in primi- 
parous rabbits with far greater frequency than is recognized and that 
the  higher incidence  of fatal  cases in multiparae  is due to repeated 
attacks. 
Fertility.--In the routine conduct of the colony, animals are exam- 
ined for pregnancy on the  10th  day after mating  and if found non- 
pregnant,  are  remated.  The  fertility  of  the  colony  is  thus  under 
constant  check,  and  examination  of  the  records  of  animals  that 
subsequently died of toxemia brings out a point of interest. 
The multiparous does had borne from 1 to  10 litters each with an 
average of 5 litters.  12 of these animals had gone through uncompli- 
cated pregnancies  from  1 to 3  months  previous to the fatal  attack, 
but the remaining 54 animals had not borne litters for periods ranging 
from 7 to 15 months.  This long interruption was due in part to cessa- 
tion  of breeding  during  the  summer  of  1935,  but  in  larger  part  to 
infertility for the animals had been mated repeatedly without concep- 
tion,  both before and  after the  summer interval.  A  similar  history 
of sterility obtained in the primiparae and in one instance as many as 
12 non-fertile matings had been made.  The frequent history of a long 
period of unproducfivity followed by resumption of fertility and death 
from  toxemia  in  the  ensuing  pregnancy  may  be  of  etiological  sig- 
nificance. 
Age 
The  age  incidence  of fatal  cases of toxemia  varied  from  5  to  53 
months.  On  a  percentage  population  basis  the  incidence  was  2.4 HARRY  S.  N.  OI~EENE  373 
per cent among animals less than 1 year old, 17.8 per cent in the group 
between 1 and 2 years,  15.5  per cent in the group  between 2 and  3 
years, 22.2 per cent in the group between 3 and 4 years, and 18.1 per 
cent in the group between 4 and 5 years. 
TABLE  HI 
Distribution  of Cases of Toxemia in Pure Bred Animals and in Various 
Hybrid Generations 
First  Second  B ackeros~  Other  Total 
Pure bred  hybrid  hybrid  hybrid  hybrid  Total  hybrid and 
genera-  genera-  genera-  genera-  hybrids  pure bred 
tion  tion  tion  tions 
per  pet  pet  per  per  per  pet 
ctnt  cent  cent  ¢4rat  cent  cent  cent 
31  3.2  32  3.2  C  0  9  0  54  7.4  95  5.2  126  4.7 
3  0  3  0  1  0  911.1  6  0  1~  5.2  22  4.5 
1926.3  2321,7  714.2  18  5.5  3713.5  8512.9  10415.3 
4214.2  49  6.1  1  0  714.210010.0157  8.9  19910.0 
14  0  1942.1  2  0  2  0  1513.3  3826.3  5219.2 
31  9.7  4621.7  425.0  333.3  5913.611217.8  14316.0 
450.0  5733.3  11  9.0  9  0  3414.711122.5  11523.4 
2  0  1526.6  425.0  1520.0!  17  5.9  51 17.6  53 17.0 
15  0  21  0  4  0  7  0  18  0  53  0  68  0 
Breed 
Belgian 
Blue Beveren 
Dutch 
English 
ffimalayan 
Kavana 
Polish 
Rex 
2hinchilla,  Lilac, 
Marten,  French 
Silver, Tan, Sable 
Kimalayan-Albino 
hybrids 
Polyhybrids of com- 
plex genetics 
115  9.5115;  9.5  115  9.5 
31  3.2  31:3.2  31  3.2 
Total ....  15411.03  181 16.4  23 13.0  82  9.7 209  6.749611.0865(~  ll.0g 
The low incidence noted in the youngest group was probably related 
to parity rather than to age which was apparently of little significance 
in the determination of susceptibility. 
Breed 
The distribution of fatal cases of toxemia in the pure bred animals and in the 
various hybrid generations of each breed is shown in Table III.  The hybrids are 
classified into  first,  second and  backcross  generations,  and  a  fourth  class  desig- 
nated as other generation hybrids includes all other animals derived from the pure ~74  TOXEMIA  OF  PR.EGI~ANCY  IN  RABBIT.  II 
breeds with the exception of two groups which are listed separately.  One of these 
is composed  of polyhybrid animals of extremely complex genetic origin; the other 
is a group of Himalayan-Albino hybrids that had been inbred since 1918.  The 
Himalayan ancestors of this group were pure bred animals, but the Albinos were a 
mongrel stock of uncertain origin derived in part from a Dutch-Polish cross.  All 
other hybrids are listed under each of the various breeds from which they were 
derived and, as this necessarily involves duplication, the total number of animals 
included in each generation is listed in the final column of the table. 
There was no significant difference in the incidence of the disorder 
in pure bred and hybrid animals; the incidence was 11.03 per cent in 
pure bred stocks and 11.08 per cent in hybrids.  There were, however, 
marked  differences in  the  distribution of cases  in  the  various pure 
breeds and in the different hybrid classes and subgroups. 
Pure Breeds.--The disorder did not occur in the Beveren, Chinchilla, 
Himalayan, Lilac, Marten, Rex, Sable, French Silver or Tan breeds. 
In the remaining breeds the incidence was highest in the Polish and 
Dutch,  intermediate in  the  English and Havana, and lowest in  the 
Belgian. 
A number of breeds were represented by relatively few animals, and the sig- 
nlficance of the incidence is doubtful if measured statistically.  Other evidence, 
however, shows that with two exceptions, the pure bred animals present during 
the  outbreak  period  were truly representative  of their breed  and  the results 
obtained  may be considered as indicative of the relative  incidence had larger 
groups been available.  The two exceptions consist of the Himalayan and Rex 
breeds.  Typical cases of toxemia occurred in both of these breeds in years pre- 
vious to the period under consideration and occurred during the present outbreak 
in  animals derived  from repeated  backcross matings, and  it  is  assumed that 
the small pure bred groups present in the colony were not representative. 
In view of the wide differences in incidence breed may, therefore, be 
regarded as a  factor of considerable importance in the determination 
of susceptibility.  It is of interest in this connection that the Dutch, 
Polish and Havana breeds, all of which showed high susceptibility, are 
racially related and belong to a group which is fundamentally Dutch. 
Hybrids.--The incidence in Himalayan and Rex hybrids was high, 
but otherwise the position of the different hybrid groups was generally 
comparable with the arrangement of their pure bred ancestors.  With 
the exception of the Himalayan, Rex and Beveren groups, the hybrids 
derived from breeds in  which  toxemia did not occur were also  un- HARRY  S.  N.  GREENE  375 
affected by the disorder.  The position of the H~malayan and Rex 
breeds in this respect has been referred to above.  The single case in 
the Beveren hybrids occurred in an animal obtained from a backcross 
mating of an Havana-Beveren hybrid, and  the factors determining 
susceptibility may have been carried over from the Havana breed. 
The relatively low frequency of toxemia among Himalayan-Albino  hybrids is 
of interest in view of the fact that in former years the highest incidence  occurred 
in this group.  It is probable, however, that the majority of susceptible aulmals 
had previously died of the disorder, and that the population present during the 
outbreak was to a large extent composed  of non-susceptible  survivors. 
On  a  basis of the incidence in the various pure breeds and their 
hybrid derivatives, the arrangement of breeds as factors in the deter- 
mination of susceptibility stands Polish,  Himalayan, Rex,  Havana, 
Dutch, English, Belgian, Beveren in order of decreasing importance. 
Additional and more detailed information of the relative importance 
of breed in this connection may be obtained by further analysis of the 
first hybrid generation and a  classification of animals with reference 
to both parental lines. 
First  Generation  Hybrids.--41.6  per  cent  of  all  cases  of  toxemia 
occurred in first generation hybrids and the incidence in this group 
was 16.4 per cent compared with an incidence of 8.9 per cent in the 
remainder of the colony. 
There were marked differences in mortality in the F1 hybrids derived 
from different breeds, but the position and arrangement of the various 
groups in an incidence scale is in general agreement with that noted in 
total hybrids in the previous table. 
No cases occurred in the first generation progeny of the Beveren, Chinchilla, 
Sable, French Silver or Tan breeds.  The incidence was greatest in the groups 
derived from the Himalayan, Polish, Rex, Havana and Dutch breeds and least in 
those derived from the English and Belgian breeds. 
The F1 generation hybrids may be subdivided into two classes for more detailed 
examination.  One class which was derived from the mating of pure bred animals 
with unrelated hybrids and in a strict sense is not a true Ft generation, contained 
86 animals of which 8 died of toxemia.  The other class was derived from the 
crossing of pure breeds and contained 100 animals of which 22 died  of the disorder. 
Closer analysis of the first class with its more complex  breed relationships  fails to 
give further information concerning  the influence  of breed on the incidence  of the 
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reference to both parental lines as in Table IV, and by comparing the incidence in 
vertical and horizontal planes the relative influence of each breed on the suscep- 
tibility of the FI generation may be gauged. 
21 separate groups of first generation hybrids result from such a classification, 
but cases  of toxemia occurred in only 8  of  these  groups,  namely, the  Dutch, 
English, Himalayan and Havana-Polish hybrids, the Belgian, English and Rex- 
Havana hybrids, and  the  Himalayan-Rex hybrids.  These  groups  were  repre- 
sented by 60 animals and the remaining 13 groups composed of 40 animals were 
without mortality.  It is significant that 22 cases of the disorder or more than 30 
per cent of the total incidence occurred in approximately one-tenth of the total 
female population of the colony. 
TABLE  IV 
Distribution of Cases of Toxemia in First Generation Hybrids 
(Mortality Per Cent) 
B 
D 
E 
H 
HA 
P 
R 
BA 
C 
M 
S 
SA 
T 
0 
33.3 
0 
D  E 
0 
0 
0 
0  16.6 
33.3  33.3  46.6 
25.0 
HA 
33.3 
0 
16.6 
35.7 
50.0 
0 
33.3 
33.3 
46.6 
35.7 
0 
0 
0  0 
0  0  0 
R  BA 
0 
25£ 
60.C 
C  M 
0 
0 
0 
SA  T 
0 
0  0 
0  0 
0 
B  =  Belgian; D  =  Dutch; E  =  English; H  --  Himalayan; HA  --  Havana; 
P  =  Polish; R  -  Rex; BA  =  Blue Beveren; C  --  Chinchilla; M  --  Marten; 
S  =  Sable; SA  =  French Silver; T  =  Tan. 
The 8 groups were derived from the crossing of 7 pure breeds, all of which with 
the exception of the Rex and Himalayan breeds contained cases of toxemia.  On 
the other hand, the disease did not occur in the 13 groups derived from the cross- 
ing of non-susceptible  breeds and of non-susceptible  with susceptible breeds. 
Examination of the table shows that the various first generation hybrids shared 
the susceptibility differences  exhibited by the parental pure breeds and that, with 
minor variations in position, the incidence scale of the first generation agrees with 
that of the pure breeds.  Moreover, with the further exception of the Rex and 
Himalayan  hybrids, the proportion of groups affected by the disease in the different 
first generations varied with the position of the parental breed in the incidence HARRY S.  N.  GREENE  377 
scale.  Thus, cases of toxemia occurred in 4 of the 5 Polish and Havana groups, 
in 2 of the 4 English groups, and in 1 of the 3 Dutch and Belgian groups.  The 
occurrence of the disorder in both of the 2 Himalayan and Rex groups is considered 
as additional evidence that the pure stocks  of these breeds present during the 
outbreak were not representative.  Evidence that breeds higher in the incidence 
scale exerted a greater influence on their first generation hybrids is brought out 
by a comparison  of the incidence in the different groups  derived from the same 
breed.  For example, the incidence was greater in pure bred Polish than in pure 
bred Havanas, and the susceptibility of Polish-English  and Dutch hybrids was 
greater than that of Havana-English and Dutch hybrids.  In connection with the 
high susceptibility of Polish hybrids, it should be noted that the incidence of the 
disorder was greater in the first generation than in the parent breed in all instances 
with the significant  exception of the Polish  breed in which  the incidence  was 
greater than in any of its first generation hybrids. 
Other Generation ttybrids.--The  highest  incidence  in  all  classes  of 
animals occurred in the first generation hybrids, but in the second and 
backcross  generations  the  frequency of cases  was  decreased  and ap- 
proached that noted in the pure bred population. 
The number of animals in the second and backcross generations was small and 
the position of the hybrid groups was not constantly related to that of the breeds 
from which  they were  derived.  The arrangement  of groups  in  other hybrid 
generations  and in total hybrids, however, was remarkably constant and was in 
general agreement with that of the parent pure breeds. 
It is evident from the data presented above that factors influencing 
susceptibility were closely associated with breed or race and that the 
differing susceptibility characteristics of the parent breeds were trans- 
mitted  to  and  expressed in  their hybrid daughters.  The high  inci- 
dence in the first generation suggests that these factors were compli- 
mentary in action, and the increased susceptibility of hybrid groups 
derived from the more susceptible breeds, together with the relatively 
low incidence in animals obtained from the crossing of less susceptible 
breeds is contributory evidence to this effect.  The lowered incidence 
in  second  and  backcross  generations,  on  the  other  hand,  indicates 
the expected reassortment of characters with an approach to the status 
of pure breeds. 
Constitutional  Variation 
In previous paragraphs,  emphasis  has  been placed on the marked 
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groups  and  the  question  arises  as  to  whether  such differences  were 
referable to racial distinctions or to other constitutional factors incor- 
porated in the stock by chance association.  The genetic constitution 
of the colony has been under investigation for a  number of years and 
the majority of the breeds are known to carry detrimental variations. 
In many instances pure bred and hybrid transmitters  and non-trans- 
mitters  have  been  isolated  by  breeding  tests  and  the  comparative 
importance  of  the  genetic  variation  and  of  race  as  factors  in  the 
determination of susceptibility may be gauged. 
Examination of Table III shows that the highest  incidence in all the various 
groups of pure bred animals  and their hybrid derivatives  occurred in the Polish 
in which there were 27 cases of toxemia, or 37.5 per cent of the total incidence. 
The animals of this group had been bred largely for study of an hereditary varia- 
tion characterized  by a dwarfing effect which in homozygous form is lethal and 
produces  a  miniature  individual  approximately  one-third the size of its  normal 
sibs.  Heterozygous  animals  are  approximately  two-thirds the  weight  of their 
normal sibs at birth, never attain an equal  stature and are subject  to a variety 
of functional  disorders  (4). 
68 of the 115 pure bred and hybrid Polish had been found by breeding tests to 
be transmitters  of this variation.  There were  18 cases of the disorder  in this 
group, an incidence of 26.4 per cent, in contrast to an incidence of 19.1 per cent in 
non-transmitters  of the same derivation,  or an incidence of 9.2 per cent in all non- 
transmitters  of the colony. 
One line of our Dutch breed was known to transmit a cretinoid abnormality and 
71 animals had been bred from this line for study of the variation (5).  14 of these 
died of the disorder, an incidence of 19.7 per cent, which is significantly different 
from an incidence of 6.06 per cent in animals derived from other branches  of this 
breed, or of 10.0 per cent in the remainder of the colony. 
The cretinoid  abnormality is  apparently a  genetic  syndrome which  may be 
split into its various parts by breeding, and different features of the disorder may 
be transmitted and inherited independently,  while the variation is expressed in its 
typical form only when its various component parts are recombined in an individ- 
ual.  Breeding tests  had shown that the typical variation occurred in the litters 
of 45 of the 71 animals while the young obtained from the remaining 26 showed 
only suggestive changes or were entirely  normal.  The disorder occurred in 15.5 
per cent of the first group while in the latter group the incidence was 26.9 per cent. 
In view of the marked difference in incidence it would appear that transmitters of 
the entire complex were less susceptible than other animals of the class.  It should 
be emphasized in this connection that numerous  breeding  tests  are necessary to 
determine the genetic status of an individual, and it is possible that animals classi- 
fied as partial or non-transmitters  died before adequate tests had been made.  On HARRY  S.  N.  GREENE  379 
the other hand, it may be that the accessory factors present in transmitters of the 
entire complex give rise to a constitutional change which alters susceptibility.  A 
complete interpretation of this apparent paradox is not possible on a basis of the 
present  knowledge of the genetics of the variation, but the latter view is given 
support  by the fact that  the incidence among hybrid transmitters  of both the 
dwarf and  cretinoid abnormalities  was  12.5  per  cent  which is  significantly less 
than the incidence among transmitters of the dwarf variation alone. 
The influence of the lethal dwarfing factor in the determination of the suscep- 
tibility of pure bred and hybrid Polish is evident, but the relatively high incidence 
in non-dwarf transmitters of Polish extraction shows that other factors unrelated 
to this variation and associated with breed were also of considerable importance 
in this respect.  It may be significant that the majority of this group were first 
generation hybrids.  In other breed crosses the first generation approaches  the 
larger breed in size, but the reverse obtains in Polish crosses and such animals are 
of small stature.  It is not improbable, therefore, that the Polish, the smallest of 
all breeds, carries a dominant dwarfing factor which is expressed in the first genera- 
tion hybrids and, like the lethal dwarf character, tends toward increased suscep- 
tibility. 
The presence of the factors concerned in the cretinoid abnormality was also 
associated  with  increased  susceptibility.  The  majority  of our  pure  bred  and 
hybrid Dutch carried these factors, but in the few lines in which the abnormality 
did not occur, the incidence of the disorder was less than the general level of the 
population.  It  is  apparent,  therefore,  that  the  high  susceptibility  of  these 
animals was not primarily a function of breed factors as in the Polish, but on the 
other hand, was associated with an hereditary variation incorporated in the major- 
ity of the stock. 
All deaths in Rex hybrids occurred in a line known to transmit a deformity of 
the foreleg resembling rickets, a cystic lymphatic enlargement and a blood condi- 
tion resembling yon Jaksch's anemia.  In addition,  the single case in pure bred 
Belgians and the majority of cases  in Belgian hybrids were in a  line that trans- 
mitted a lethal metabolic disorder. 
Studies of the pathogenesis of the dwarf and cretinoid abnormalities are not 
complete,  but  the  facts  at  hand  indicate  that  both are of hypophyseal origin. 
Moreover, there is evidence that the Belgian and Rex variations also arise from 
primary endocrine abnormalities. 
Cases of the disorder also occurred in breeds and groups of animals that showed 
or transmitted  other physical or functional variations,  but  analysis showed no 
significant differences from the incidence in non-transmitters or normal animals, 
and it is assumed that the susceptibility of these groups was a function of racial 
factors. 
Parent-Progeny Relations 
A  more  detailed  examination  of  the  incidence  of  toxemia  with 
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of  affected  animals  brings  out  additional  information  regarding  the 
nature  of susceptibility. 
Analysis of the incidence from this point of view limits the occurrence of the 
disorder to a relativdy small segment of the population, composed in large part of 
related animals.  The total female population of 650 animals had been bred from 
140 male and 298 female parents, but the incidence of toxemia was confined to the 
progeny of 37 of the males and 56 of the females.  All cases occurred in animals 
derived from 62 different matings of these parents, and there were 143 females of 
this class present in the colony during the outbreak.  Thus, on a basis of parental 
relation the incidence was limited to 22 per cent of the female population of which 
one-half or 50.3 per cent died of the disorder. 
The  degree  of relationship  within  this  group  is  indicated  by the  fact  that 
although the majority of animals were more than four generations removed from 
the foundation stock of the colony, only 33 males and 39 females of this original 
stock were concerned in their derivation.  It follows  that many of the affected 
TABLE V 
Pedigree Chart Illu,~trating the Occurrence of Toxemia in Succeeding Generations 
~483-10 ~/  /All-4 
Underlined animals died of toxemia. 
animals  were  related  through  one  or  both  parents.  In  5  instances  toxemia 
occurred in full sisters with an incidence ranging from 50 to 100 per cent in the 
different family groups.  24 animals derived from 9 different females died of the 
disorder  and  45  cases  occurred in the  progeny of  10  males.  In  1 instance  13 
affected animals had been derived from a single male and 7 others had been sired 
by its son. 
The disorder was also of frequent occurrence in relatives other than full or half 
sisters,  and pedigree charts of affected animals rarely fail to show additional cases. 
A  simplified  pedigree chart illustrating  the occurrence of toxemia in succeeding 
generations is shown in Table V.  In 9 instances cases occurred in mothers and 
daughters during the outbreak while the mothers of 2 other animals had died of 
toxemia in previous years.  In addition, the maternal grandmothers of 9 and the 
paternal grandmothers of 8 of the affected animals died of the disorder while more 
remote maternal parents and less immediate female relatives of these and other 
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It is clear from the evidence presented above that family as well as 
race was of considerable importance in the determination of suscep- 
tibility.  A  consideration of immediate parental relations places still 
greater emphasis on the influence of hereditary predisposing factors. 
While classification of the female population into first, second and backcross 
generations for genetic study is not practicable, some information relative to these 
factors may be obtained from a differential analysis of the various parent-progeny 
classes.  It should be pointed out, however, that in many instances parents were 
TABLE  VI 
Distribution of Cases of Toxemia Based on Parent-Progeny Relations 
Doe died of toxemia 
Toxemia  in progeny  (I0) 
No toxemia  "  "  (15) 
Daughter of toxem@ doe 
Toxemia  in progeny  (8) 
No toxemia  "  "  (20) 
9ther f~males 
Toxemia  in progeny  (46) 
No toxemia  "  "  (189) 
Sons of toxemie doe 
Toxemia  No toxe- 
in  mla in 
progeny  progeny 
(4)  (9) 
7  1 
2  0  4  0 
6  1 
4  0  4  0 
I1  8 
21  0  1'6  0 
Other males 
Toxemia 
in 
progeny 
(40) 
21  10 
19  0 
17  8 
17  0 
Numbers  in  parentheses  represent 
classifications. 
120  44 
136  0 
, No  progeny  mla  (87)  toxe-  in_  Total 
8  0  36  11 
25 
6 
16 
0  5C 
0  29 
0  41 
20  0  151  52 
170  0  343  0 
the  number of  animals  in  the  various 
not present in the colony during the outbreak period and their status with refer- 
ence to toxemia was determined at a time when the disorder was sporadic in occur- 
rence while the incidence in the progeny was gauged during an "epidemic" phase. 
Moreover, many of the affected animals were first generation hybrids and their 
breeding was designed rather to test  their genetic constitution than to  supply 
stock for the colony.  As a result, there were relatively  few mature progeny present 
during the period under consideration.  In addition it is known that a number of 
animals of this class as well as of other classes  survived the outbreak and have 
since died with typical clinical and pathological changes.  The available data are 
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but it is improbable that more adequate material will become available in the 
future, and as the nature of the disorder prohibits an experimental approach to 
the problem, the facts at hand are presented in Table VI. 
Interpretation of these data is largely conjectural in view of the nature of the 
material and  the  small classes  formed by detailed analysis.  Certain  findings, 
however, are definitely  suggestive of the scheme of inheritance.  It will be noted 
that approximately the same incidence of one out of three obtained in the progeny 
of the three classes of females known to transmit susceptibility regardless of their 
relationship to the disorder.  Moreover, in a  number of instances the disorder 
did not occur in the progeny of daughters of toxemic mothers although  these 
daughters were mated with males known to transmit, and it must, therefore, be 
assumed  that  their  mothers were not  homozygous but  were  heterozygous for 
susceptibility factors.  It follows that other transmitting females were genetically 
similar.  On the other hand, the fact that cases of toxemia occurred in the progeny 
of all the sons of toxemic mothers when these sons were mated with known trans- 
mitters indicates that some transmitting males may be homozygous.  The high 
incidence  in  the progeny of certain males previously noted offers  contributory 
evidence to this effect. 
Conditions of the Colony  in Relation to the Present Outbreak 
The  high  susceptibility  of  certain  genetic  groups  of  animals  has 
been a  characteristic feature of this outbreak,  but in the  past many 
animals belonging to  these  groups have been  under  observation and 
there have been very few deaths that could be attributed to toxemia. 
It is apparent, therefore, that the present outbreak cannot be ascribed 
to  the  susceptibility  of  that  stock  alone.  On  the  other  hand,  the 
unusual  behavior of the  colony as a  whole suggests the operation of 
an extraordinary set of environmental factors which may have been of 
importance in the genesis of the outbreak. 
Disturbances in reproduction were widespread throughout the colony during 
the outbreak period and began in the spring of 1935.  During this season the 
fertility curve usually reaches a peak and frequently 100 per cent of matings are 
fertile, but in the spring of 1935 this rise failed to occur and the fertility rate fell 
below that of the preceding winter.  The low fertility continued throughout the 
outbreak period and the percentage of fertile matings decreased from an average 
normal rate of 60 to 70 per cent to a rate of approximately 37 per cent.  In addi- 
tion, instances of cannibalism, desertion and other manifestations of poor maternal 
care were unusually numerous and the incidence of dead born litters and of mon- 
sters in these litters was markedly increased. 
Other manifestations of disturbed reproductive function were encountered in 
the colony and are of special  significance because of their previous rarity.  The HARRY  S. N. GREENE  383 
diagnosis of pregnancy by palpation on the 10th day after mating has been found 
from long experience to be 100 per cent accurate, but during the present outbreak 
there were cases  in which pregnancy had been diagnosed  on this date and on 
reexamination a few days later the product of conception had disappeared from 
the uterus.  This abnormality frequently recurred in subsequent matings of the 
same animal, and throughout the year there were 52 instances of this kind in 39 
animals.  It was thought that the resorption of feti might be associated with the 
deficiency of vitamin E, but the disturbance recurred despite the addition of wheat 
germ oil to the diet of the animals. 
In addition the incidence  of uterine tumor was increased from an average of 
about three or four a year to approximately 40 during the outbreak period.  The 
tumors were observed in many breeds and hybrid groups, but were particularly 
frequent in lines of animals in which toxemia occurred.  The clinical history and 
changes found at autopsy in organs of the endocrine system indicate a correlation 
between irregularity of function and tumor development, and the prevalence of 
the tumor during the outbreak of toxemia is suggestive of an etiological relation- 
ship. 
Other manifestations of physiological imbalance were observed in both  the 
male and female population of the colony.  The susceptibility to snuffles, a con- 
tagious  upper  respiratory  disease  in  the  rabbit,  was  not  markedly altered  as 
gauged by the incidence  of nasal discharge.  There occurred, however, a change 
in the manifestations and locus of the disease as shown by the widespread occur- 
rence of abscesses  in both internal and external organs which  on bacteriological 
examination showed pure cultures of organisms generally associated with snuffles. 
The  exact  relationship  of this  series of disturbances  and  disorders 
to the outbreak of toxemia is not clear, but it seems likely that some 
relationship  exists,  and  it is significant  that  these  disturbances  were 
rarities while cases of toxemia were sporadic but occurred in markedly 
increased numbers when toxemia became epidemic in incidence. 
DISCUSSION AND  ETIOLOGICAL CONSIDERATION 
The  similarity  of  the  clinical  and  pathological  manifestations  of 
eclampsia in man and  toxemia of pregnancy in the rabbit was noted 
in a  previous paper.  Other points of similarity are brought out by a 
comparison  of  the  incidence  of  the  two  disorders  and  the  available 
evidence indicates that one is a generic variation of the other. 
The occurrence of toxemia in both sporadic and  outbreak form is a 
characteristic  epidemiological  feature.  The  variations  in  incidence 
of eclampsia are  apparently not  as pronounced,  but  Williams  states 
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the occurrence of a single case when suddenly a number are observed 
in quick succession" (6).  Harrar  (7) in a study of the occurrence of 
eclampsia over a  10 year period in the New York Lying-In-Hospital 
found an increased frequency during the late winter and early spring, 
and it is significant that the same seasonal distribution occurs in the 
rabbit, both during sporadic and outbreak periods.  It is worthy of 
note in this connection that a disorder of pregnant guinea pigs, clini- 
cally and pathologically identical with toxemia in the rabbit,  shows 
similar variations in incidence (8). 
The frequency of eclampsia is greatest in primiparous women while 
in  the rabbit  the highest incidence of fatal  cases is  in multiparae. 
There is considerable evidence, however, that the first attack of the 
disorder in the rabbit may be mild or asymptomatic and that death 
may occur as the result of a  repeated attack in a  subsequent preg- 
nancy. 
The clinics of different countries report varying incidences of eclamp- 
sia (7).  Lichtenstein reported 400 cases of eclampsia in 14,836 labors 
in Leipsic, an incidence of 2.68 per cent; Williams found 110 cases in 
11,000 labors in Baltimore, an incidence of 1.0 per cent; while Reinburg 
noted only 90 cases in 26,511 labors in Paris, an incidence of 0.34 per 
cent.  These differences are statistically significant and suggest that 
racial factors may be of importance in  the determination of suscep- 
tibility. 
The influence of race as a predisposing factor in the rabbit has been 
noted.  Genetic constitution, apart from essential racial characteris- 
tics, and family were also found to be of importance in this respect. 
The scheme of inheritance of susceptibility is uncertain, but is appar- 
ently of a complex nature.  Females that die of toxemia are apparently 
heterozygous for  susceptibility factors,  but  there  is  some evidence 
that males may be homozygous.  Homozygous females presumably 
never reach maturity but die of unknown causes. 
The pathogenesis of eclampsia has not been clarified despite long 
continued study of human cases, but the disorder in the rabbit has 
enough in common with it to suggest a  common or similar mode of 
origin.  Studies of the etiology of the condition in the rabbit are not 
sufficiently advanced to allow final conclusions, but certain points in 
connection with the incidence and manifestations are apparently of 
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The clinical manifestations and many of the pathological changes 
as in eclampsia are suggestive of an intoxication, but investigation 
gave no evidence of a  toxic substance of extraneous origin and bac- 
teriological examination was negative.  Moreover, the occurrence of 
typical cases of toxemia in pseudopregnant and in postpartum animals 
eliminates the possibility of a toxic agent arising from the products of 
conception. 
The incidence of cases, however, leaves no doubt that the disorder 
is  associated with  the physiological changes incident to  pregnancy 
and the time of occurrence of cases in relation to gestation is appar- 
ently of significance.  The great majority of cases in pregnant does 
appeared during the last few days of gestation, cases in pseudopregnant 
animals occurred in approximately the same interval after mating, 
and the majority of postpartum cases appeared on the 1st or 2nd day. 
The  behavior observed  repeatedly in pseudopregnant  does  at  this 
period indicates that these animals are subject to the same physiolog- 
ical changes that characterize the terminal stages of pregnancy, and 
presumably the influences affecting such changes are still active early 
in the postpartum period. 
During the terminal days of pregnancy fetal growth is retarded (9) 
and the habitus of the mother is in the process of change in prepara- 
tion for parturition and lactation.  The initiation and control of these 
processes is a  function of the endocrine system, particularly of the 
hypophysis, and it may be assumed that dysfunction of these glands 
would lead to abnormal stimulation and pathological alteration of the 
the processes associated with this period.  The  marked  histological 
alteration of the endocrine system in toxemia of pregnancy in the 
rabbit is evidence of dysfunction and is worthy of consideration as a 
possible factor of primary etiological importance. 
The suprarenal changes in toxemia are degenerative in character 
and probably secondary and the thyroid is hypoplastic and inactive. 
Hypophyseal changes, on the other hand, are productive in nature. 
There is marked hyperplasia of the cells  of the anterior lobe with 
evidence of irregular secretion.  Alteration of the intermediate lobe is 
also  a  constant  feature  of  the  disease.  The  cells  of  this  lobe are 
markedly increased  in  number  and  frequently  show  adenomatous 
proliferation or invasion of the anterior or posterior lobes.  In addi- 
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containing similar material are common both in the intermediate lobe 
and in  the posterior lobe where Herring bodies are  also  unusually 
distinct and numerous. 
There have been recent attempts to associate eclampsia in man with 
hypophyseal  dysfunction,  especially  with  an  altered  or  excessive 
secretion of the posterior lobe (10), but the relationship is not generally 
accepted and the findings have not been substantiated (11).  How- 
ever,  the  increased  susceptibility  to  toxemia of  pregnancy  among 
rabbits  known to  transmit abnormalities of  an  hypophyseal order, 
together with the microscopic alteration of the gland in the disease, 
is indicative of an etiological relationship. 
The meaning of the histological changes in the intermediate lobe is 
not clear, but they are indicative of pronounced secretory activity and 
may be of significance in the disorder.  It should be pointed out in 
this connection that in normal rabbits the microscopic appearance of 
the  cells  of this lobe  suggests an  active  secretory function, and  it 
seems improbable that this function is limited to the production of a 
chromatophorotropic substance. 
There is as yet no satisfactory explanation for the occurrence of the 
present outbreak of  toxemia.  Cases  of  the  disease  have  occurred 
sporadically in the colony for a  number of years, but in the period 
under discussion the incidence assumed epidemic proportions.  There 
has been no evidence, however, to suggest that the disorder was infec- 
tious in  character.  Bacteriological examination has  been negative, 
cases were distributed irregularly throughout the colony and intimate 
contact between affected and susceptible animals failed to reproduce 
any symptoms of the disease. 
The character of the population has not changed and many animals 
of the  most susceptible genetic groups were present in  the  colony 
during periods of low incidence.  There is no indication that the course 
of the outbreak was related to the changed environment of the colony 
in its new location, but on the other hand, there is considerable evi- 
dence of the continued action of an extraordinary set of influences in 
both locations. 
Examination of the records of the colony shows the occurrence of a 
widespread disturbance in physiological function in the periods pre- 
ceding and coincident with the outbreak, and it is noteworthy that IIARR~ S.  N. GREENE  387 
previous to the epidemic  of rabbit pox in 1932 these same changes were 
observed in the animals (2).  In addition, there was a profound change 
in organic constitution during the outbreak period, and autopsies of 
all animals, both those killed for disposal and those dying of toxemia 
and  other  causes,  have  shown  an  abnormal  endocrine  situation. 
There is normally a constant relationship between the weights of the 
thyroid and the hypophysis, both increasing and decreasing together 
in different periods of the year  (12).  Throughout the period, how- 
ever, this relationship was drastically altered and the hypophysis was 
extremely large and the thyroid so small that it could be located only 
with difficulty.  It is worthy of note in this connection that in the 
earlier work of this department when animals were inoculated with 
syphilis or  tumor under  similar  endocrine conditions, a  disease  of 
marked and unusual severity resulted. 
It seems probable that there is a  causal relationship between the 
endocrine abnormality and  the physiological disturbances observed 
in the animals, and when considered in association with the hypophys- 
eal alteration characteristic of toxemia, this finding assumes signifi- 
cance as a factor in the genesis of the outbreak.  The high suscepti- 
bility  of  animals  that  transmit  and  themselves show  evidences of 
hypophyseal abnormalities is  also  suggestive in  this  respect, for  it 
may be assumed that in such animals the effect of the changed endo- 
crine  relationship would be  more  pronounced than  in  the  general 
population. 
The nature and mode of action of the influences responsible for the 
endocrine variation are not known, but the marked effect of various 
environmental factors  on  endocrine weights  and  relationships  has 
been demonstrated (12) and such factors may be the basis of the pres- 
ent imbalance. 
SU~n~ARY AND CONCLUSIONS 
No definite  conclusions relative  to the etiology of toxemia of preg- 
nancy in the rabbit can be drawn from the evidence obtained to date, 
but certain  findings  are suggestive and will be investigated further in 
future studies.  These findings  suggest that the disorder in the rabbit 
is a generic variation of eclampsia in man.  The incidence, clinical 
manifestations and pathological lesions  indicate  that the disorder is  of 388  TOX_E~A OF  PREGNANCY IN  RABBIT.  II 
hypophyseal origin and that the association with pregnancy is due to 
altered activity of that gland in the terminal stages of gestation. 
Hereditary factors related to race and certain constitutional varia- 
tions were associated with increased susceptibility,  but their  expres- 
sion was apparently dependent upon environmental  conditions.  The 
association of widespread reproductive disturbances with the outbreak 
of toxemia suggests a causal relation, and it is assumed that the endo- 
crine imbalance was a primary factor in their genesis and was induced 
by changed  environmental  conditions.  The  general  response of the 
population  was  manifest  in  functional  disturbances  which  were  of 
minor  severity in  normal  groups  and  were expressed  as  toxemia  in 
inherently susceptible animals. 
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